The results of the petrological investigations carried out on coal samples from the Oligocene deposits of Northeastern India (Assam, Arunachal Pradesh and Nagaland) have been discussed. These deposits occur in the Tikak Parbat Formation (Barail Group) and were probably deposited in the foreland basin. Petrographically, these coals are enriched in vitrinite macerals (65.8-96.6 vol %, mean 87.2 vol %) with variable concentrations of liptinite macerals (2.7-35.4 vol %, mean 11.9 vol %). They contain low concentration of inertinite (nil-3.3 vol %, mean 0.9 vol %) macerals. The microlithotype is dominated by vitrite (61.5-100 vol %, mean 90.8 vol %). An elevated volatile matter (44.15 -60.20 wt %, mean 52.90 wt %, d.a.f. basis) and reflectance values (VRr 0.39-0.61%) put their rank as sub-bituminous type 'C' to high volatile bituminous type 'C'. The GI and TPI values favour telmatic conditions of origin with high tree density and prolonged wet conditions. This is in agreement with the paleoenvironment interpreted from the vitrinite and liptinite-rich microlithotypes, which suggested a forest and reed facies. However, the presence of inertinite in some coal seams indicates tectonic upheavals / regression of the sea resulting to periodic and short span dryness of the basin.
INTRODUCTION
The Oligocene coal deposits of the Upper Assam, Arunachal Pradesh and Nagaland region are believed to have developed in foreland basins located along a narrow linear belt along the margins of the Naga Patkoi range (Biswas et al., 1993; Biswas, 1998) . The coal deposits extend from Haflong in the SW to Namchik-Namphuk in NE (Fig. 1 ). This belt is characterized by a series of imbricate overthrusts (Evans, 1964) . This zone is delineated by Haflong-Disang thrust in the East and by Naga thrust in the West. The main coal resources of NE India are located within belt, with the major coalfields including: Makum and Dilli-Jeypore (Upper Assam), Namchik-Namphuk (Arunachal Pradesh) and Borjan (Nagaland). Medlicott (1865) was the first to report the occurrence of coal in this belt. Subsequently, La Touche (1866) , Mallet (1876) , Simpson (1906) , 
Dilli -Jeypore coalfield
This coalfield is nearly 100 km from the Makum coalfield. The Dilli and Jeypore collieries are bisected by Dilli River. The Jeypore colliery is situated in Dibrugarh district while the Dilli colliery in Sibsagar district.
The coal seams in Jeypore colliery are highly disturbed due to tectonic activity and occur in the form of lenticular beds. Seven coal seams are reported from this area but only seam no. VI is workable. In Dilli colliery, coal seams occur in Upper (90 m thick) and Lower (35 m thick) horizons. These two horizons are separated by a barren zone of argillaceous rocks. The lower coal horizon bears three seams, viz. A-1, A-2 and A-3 where the mining activity is confined only to A-2 and A-3 seams. There are five coal seams in the upper horizon but there is no mining activity.
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Age
Group &Formation Thickness Rock Types
Pliocene Dihing Group 1800 m.
Mostly pebbly sandstone with thin greyish clay beds --------------------------------Unconformity -----------------------------
Mio-Pliocene
Namsang Formation 800 m.
Fine to coarse grained sandstone with bands of clay --------------------------------Unconformity ------------------------------
Miocene
Tipam Group (i) Girujan Clay (ii)Tipam Sandstone 1800 m 2300 m.
Mottled clay with greyish soft sandstone Ferruginous, fine to coarse grained micaceous to felspathic sandstone - 
-------------------------------Unconformity ------------------------------
Namchik-Namphuk coalfield
There are eight coal seams in this coalfield but mining is confined only to seam no. III. This seam is best exposed in the Kharshang area. The thickness of this seam is 13 to 14 m in the central part but tapers towards the eastern (3.6 to 6.2m) and the western (2.5 to 7.6m) ends.
2.1.4.Borjan coalfield
In the Borjan coalfield, two coal seams (Watking and Kongan) are reported. The Watking seam (thickness 2.3 to 7.35 m.) occurs in the lower member of the Tikak Parbat Formation while the Kongan seam (thickness 1.5 to 4.0m) is developed in the upper member. The coal samples have been collected from both the seams. The coal seams of the foreland basins are summarized in Table 2 . Table 2 . Description of various coal seams of the coalfields of the foreland basin.
METHOD OF STUDY
Pillar (or column) coal samples were collected from all the working / exposed coal seams from the Makum, Dilli-Jeypore, Namchik-Namphuk and Borjan coalfields. The macroscopic study has been performed as per the scheme proposed by Schopf (1960) . In total, 59 composite coal samples have been prepared and are subjected to a detailed petrographic examination. The coal samples are crushed to -18 mesh particles for the preparation of polished particulate mounts using cold mounting material. The microscopic examination has been performed on Orthoplan-Pol petrological microscope equipped with MPV-2 photometry system, Epson Px4 computer, and ploemopak fluorescence unit. This includes the qualitative and the quantitative maceral analysis, both under the white reflected light as well as under the blue light irradiation, and the microlithotype analysis. The macerals have been identified following the guidelines of ICCP (1994), and Taylor et al. (1998) . For the microlithotype analysis, 20-point Kötter's graticule has been used. The inter-particle distance has been maintained at 0.4 mm for both the maceral and the microlithotype analyses. The reflectance measurements have been carried out in the monochromatic light of 546 nm using Leitz monochromator (S-546-19) and an optical standard Leucosaphire having a refractive index 1.77 and reflectance of 0.598% in oil. Immersion oil used for the maceral analysis is DIN 58884, having 1.578 refractive index at 23±1˚C. Proximate analysis has been performed as per the Indian Standard Institution (1970). (Table 3) .
RESULTS AND DISCUSSION
Macropetrographic characteristics
In general, the coals of the northeastern India are non-banded and attrital in nature. These coals of the foreland basins contain woody material with well preserved growth rings. Pyrite is the dominant mineral in these coals and occurs as blebs, nodules, veins, and specks. The scheme of megascopic classification proposed by Schopf (1960) has been followed which is based on the lustre of the bright and the dull components. Accordingly, the coals under the study have following characters: 4.1.2.1. Bright coal It is the coal having >90% bright components. This is the major component of the coal under study.
Moderately bright coal:
It is the dominant lithotype in the coals of Nagaland and also in the middle portion of the coal seams of the Makum, Dilli-Jeypore of Assam and Namchik-Namphuk coalfields of Arunachal Pradesh. Fig. 2a) . At some places, it also occurs as bands. Corpogelinite occurs as isolated oval and round bodies. Smaller grains of corpogelinite occur as cell infillings and at places they attain high reflectance due to oxidation. Phlobaphinite (Fig. 2g ) is common in these coals and occurs as round to oval discrete or oval bodies and also as infillings of cell lumens. Phlobaphinite is light in colour and shows higher reflectance than the associated collotelinite. Collodetrinite forms a mottled ground mass of clarite and trimacerite of dark grey colour and its reflectance is lower than the collotelinite of the same coal. Pseudovitrinite shows a transitional character between collotelinite and semifusinite. Its reflectance is higher than the associated collotelinite but lower than semifusinite. It is more frequently seen in the coals of Namchik-Namphuk (Arunachal Pradesh) and Borjan (Nagaland) coalfields. Occurrence of 'Dark Vitrinite' is also a common feature in these coals. It has lower reflectance and shows brown to brownish-yellow fluorescence which is attributed to its thermoplastic behaviour (Ottenjan et al., 1981; Teichmüller and Durand, 1983; Wolf et al., 1983) . Small resin bodies also occur within thin bands of dark vitrinite. Vitrodetrinite occurs in small concentration in coals of all the coalfields except the Makum coalfield of Assam. It occurs associated with clarite, vitrinertite and also as discrete fragments in mineral matter.
Liptinite:
The structured liptinite macerals in these coals are sporinite, cutinite, resinite, suberinite, alginite and liptodetrinite. Sporinite occurs as elongated, disc and spindle shaped bodies. Both microspores and megaspores have been recorded but the microspores are dominant and thin walled (tenuisporinite) spores exhibit clear structure in white reflected light while under the blue irradiation they are orange and brown. Megaspores occur both as tenuisporinite and crassisporinite where the former dominates. Megasporinite looks darker than microsporinite. Sporangium with numerous microspores has also been observed. Cutinite occurs as thread like bodies with serrated margin. The serration is more clearly visible in thick walled cutinite.
Crassicutinite is more in concentration than tenuicutinite in these coals (Fig. 2e) . Its colour is similar to sporinite, being dark to grey, but, in some cases, it is paler than the associated sporinite. Under the blue irradiation, it appears yellow, orange and brown. Some cutinite is also folded and deformed. Resinite is the most dominant liptinite maceral in these coals. It occurs as oval to spherical bodies of variable sizes (0.1 mm to 95 mm) showing grey to black colour under the reflected light ( ultra violet irradiation, they show yellowish green, yellow, yellowish brown and brown colours. Elongated resinite bodies are also seen in these coals. However, the elongated resin bodies (larger in size) are darker than the oval or spherical small resin bodies. It appears that the larger resinite bodies tend to mature faster than the smaller ones in the same coal which may be due to the difference in chemical composition of these two types. At places, oxidation rims and cracks have also been observed in resinites (Fig. 2f ). Suberinite is a characteristic maceral of the Tertiary coals (Fig. 2g) . It is dark grey to black under white reflected light but shows lemon yellow, orange and brown fluorescence depending upon its maturity. It occurs as laminated band in clarite with variable thickness. At places, suberinite is folded, which appears to be the result of compression. Corpogelinite is also seen enclosed in suberinite laminae. Both Pila and Reinchia type of algae is seen in these coals. Alginite is more common in the coals of Namchik-Namphuk coalfield. Liptodetrinite is also common in these coals and consist of detrital remains of the structured liptinite macerals such as sporinite, cutinite, resinite and alginite. It occurs as fine particles either dispersed or clustered in vitrinitic ground mass or infilling the cell cavities, fissure or cracks. Under the blue irradiation it shows yellow, orange and brown colours. The unstructured liptinite macerals observed in these coals are bituminite, fluorinite and exsudatinite. Bituminite occurs as amorphous as well as lamellar forms. It shows characteristic orange or brown fluorescence. Exsudatinite occurs as crack or fissure fillings in collotelinite and shows black colour under white reflected light and gives orange and brownish orange fluorescence. The occurrence of fluorinite is rare. It is seen as black coloured, elongated or lensoid bodies of variable thickness under the white reflected light. Under the blue excitation, it is greenish yellow to yellow. 4.1.3.1.3. Inertinite: Inertinite occurs in very low concentration but it is represented by all the macerals of this group. Funginite dominates over rest of the macerals of this group. Fusinite is rare in these coals and occurs as variable bandwidth. It is characterized by well preserved cell structure where the cell lumens are filled with mineral matter. Semifusinite shows less preserved cell structure. It is found only in the coals of Dilli-Jeypore coalfield and shows grey-white colour, high reflectance and less explicit cell structure. Transition from collotelinite to semifusinite has also been observed. Macrinite has been recorded only in the coals of Makum and Dilli-Jeypore coalfields. It occurs as round to oval bodies, light in colour with high reflectance. Micrinite occurs as fine particulate matter in the form of lenses. It shows white colour and high reflectance. Funginite is the most common inertinite maceral in these coals. It occurs in the collotelinite ground mass as oval or round bodies, having grey-white colour. Sometimes it is darker and the reflectance is relatively lower. The multicelled sclerotium (Sclerotites brandanianus) has also been found. The vesicles of multicellular sclerotium are often filled with mineral matter. The occurrence of teleutospores / fungal spores is a common feature in these coals. Teleutospores are grey in colour and occur as round to oval shaped bodies ( Fig. 2c) with single, double and triple cells and also have multicelled forms. The fungal spores with well preserved cell structure are also seen. Inertodetrinite is observed only in the coals of Dilli-Jeypore coalfield. It appears to have been derived from crushing of teleutospores. At places, it is seen within the cracks and cavities.
Mineral matter:
The minerals present in these coals include clay, carbonate, and sulphides. The clay minerals occur as ground mass and also as fissure, crack, and cleat fillings, as infilling of cell lumens of telinite and funginite. The sulfide occurs in the form of pyrite as discrete grains and disseminations, massive replacement, infillings of fissures and cracks (Fig. 2h) , cavity filling, and as framboids (Fig. 2e) . Clustering of framboids is a common feature in these coals. The carbonates occur as ground mass, as strings and also as fissure fillings.
Microlithotype Analysis:
Vitrite is the dominating microlithtype which is successively followed by vitrinertite, inertite, durite, liptite and duroclarite in the descending order. Vitrite chiefly comprises of collotelinite, corpogelinite and phlobaphinite in these coals. Telite is represented by woody tissues filled with phlobaphinite and gelinite. Liptite is observed only in the coals of Makum and Dilli-Jeypore coalfields. Clarite is represented mainly by clarite-V. The concentration of liptinite in clarite ranges from 10 to 20 vol %. Vitrinertite is represented by Vitrinertite-V and comprises of vitrinite and funginite. Durite occurs in low concentration. Trimacerite is rarely seen and is represented by duroclarite.
In these coals, carbominerite is represented by carbargilite , carbankerite, carbopyrite and carbopolyminerite. The order of dominance is carbargilite followed by carbopyrite, carbopolyminerite and carbankerite. The quantitative assessment of the macerals has been performed both under the white reflected light as well as under the blue irradiation (Tables 4 and 5 ). Among the coalfields of the foreland basins, the coals of Makum coalfield contain significantly higher concentration of vitrinite which ranges from 81.7 to 94.7vol % with mean of 89.42 vol % (84.6 to 96.6 vol %, mean 92.07 vol % mmf basis). In the coals of DilliJeypore coalfield, it ranges from 71.4 to 95.2 vol % with a mean of 86.4 vol % (81.7 to 95.8 vol %, mean 90.5 vol % mmf basis); in the coals of Namchik-Namphuk coalfield it ranges from 41.3 to 77.7 vol % with a mean of 60.9 vol % (68.8 to 84.4 vol %, mean 74.4 vol % mmf basis) and in the coals of Borjan coalfield it ranges from 53.2 to 81.4 vol % with a mean of 64.9 vol % (80.6 to 89.7 vol %, mean 84.8 vol % mmf basis).
The maximum concentration of liptinite is recorded in the coals of NamchikNamphuk coalfield, which is followed by the Borjan, Makum and Dilli-Jeypore coalfields in decending order. The liptinite content of Namchik-Namphuk coals varies between 13.9 and 32.9 vol % with a mean of 20.0 vol % (15.9 and 35.4 vol %, mean 24.9 vol % mmf basis), whereas in the Borjan coals it ranges from 8.5 to 16.1 vol % with a mean of 10.98 vol % (9.3 to 21.8 vol %, mean 14.56 vol % mmf basis). In Makum coals it varies between 2.6 and 14.4 vol % with a mean of 6.8 vol % (2.7 and 14.9 vol %, mean 7.1 vol % mmf basis). In the Dilli-Jeypore coals it varies between 2.9 and 12.7 vol % with a mean of 7.29 vol % (3.1 and 15.7 vol %, mean 8.17 vol % mmf basis).
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The Dilli-Jeypore coals have the concentration of inertinites from 0.1 to 3.1 vol % with a mean of 1.3 vol % (0.1 to 3.3 vol %, mean 1.37 vol % mmf basis). In the Makum coals it ranges from 0.4 to 2.2 vol % with a mean of 0.78 vol % (0.4 to 3.3 vol %, mean 0.81 vol % mmf basis); in the Namchik-Namphuk coals it ranges from nil to 1.4 vol % with a mean of 0.6 vol % (nil to 1.5 vol %, mean 0.7 vol % mmf basis) and in the Borjan coals it ranges from nil to 1.3 vol % with a mean of 0.54 vol % (nil to 1.6 vol %, mean 0.66 vol % mmf basis). 
ENERGY EXPLORATION & EXPLOITATION
Microlithotype composition:
Among the microlithotypes of the monomaceral group, vitrite dominates (Tables 6 and  7 ). The maximum concentration of vitrite is recorded in the Dill-Jeypore coalfield (36.4 to 97.0 vol %, mean 87.4 vol %; 61.5 to 97.8 vol %, mean 93.4 vol % mmf basis). In the Borjan coals it ranges from 49.6 to 95.2 vol % with a mean of 76.91 vol % (93.6 to 100 vol %, mean 98.0 vol % mmf basis); in the Makum coals it ranges from 42.9 to 93.9 vol % with a mean of 76.1 vol % (61.5 to 97.8, mean 93.4 vol % mmf basis) and in the Namchik-Namphuk coals it ranges from 32.8 to 84.9 vol % with a mean of 60.5 vol % (87.0 to 100.0 vol %, mean 93.3 vol % mmf basis). The maximum concentration of liptite has been observed in the Makum coals where it ranges from nil to 13.3 vol % with a mean of 1.5 vol % (nil to 16.0 vol %, mean 1.7 vol % mmf basis).
In the Dilli-Jeypore coals it ranges from 0.2 to 2.3 vol % with a mean of 0.9 vol % (0.2 to 3.9 vol %, mean 1.1 vol % mmf basis); in the Namchik-Namphuk coals from 920 nil to 1.7 vol % with a mean of 0.2 vol % (nil to 2.2 vol %, mean 0.3 vol % mmf basis) and in the Borjan coals from nil to 0.90 vol % with a mean of 0.3 vol % (nil to 1.5 vol %, mean 0.5 vol % mmf basis). The Dilli-Jeypore coals have the inertite content from nil to 2.3 vol % with a mean of 0.5 vol % (nil to 3.95 vol %, mean 0.75 vol % mmf basis). In the Makum coals it ranges from nil to 2.1 vol % with a mean of 0.3 vol % (nil to 2.5 vol %, mean 0.45 vol % mmf basis) and in the Borjan coals it ranges from nil to 0.6 vol % with a mean of 0.1 vol % (nil to 0.6 vol %, mean 0.1 vol % mmf basis). Among the bimaceral microlithotypes, clarite is the dominant which ranges in the Makum coals from nil to 20.5 vol % with a mean of 5.8 vol % (nil to 21.3 vol %, mean 6.6 vol % mmf basis). In the Namchik-Namphuk coals it ranges from nil to 11.1 vol % with a mean of 3.6 vol % (nil to 14.5 vol %, mean 5.5 vol % mmf basis); in the Borjan coals it ranges from nil to 2.8 vol % with a mean of 0.6 vol % (nil to 3.0 vol %, mean 0.7 vol % mmf basis) and in the Dilli-Jeypore coals it ranges from 0.3 to 2.5 vol % with a mean of 0.5 vol % (0.3 to 7.7 vol %, mean 1.6 vol % mmf basis). The microlithotype next in dominance is the vitrinertite which ranges in Dilli-Jeypore coals from 0.7 to 12.5 vol % with a mean of 2.5 vol % (0.7 to 21.1 vol %, mean 3.2 vol % mmf basis). In the Makum coals it ranges from nil to 12.4 vol % with a mean of 4.1 vol % (nil to 17.4 vol %, mean 4.8 vol % mmf basis); in the Namchik-Namphuk coals it ranges from nil to 1.8 vol % with a mean of 0.7 vol % (nil to 2.4 vol %, mean 1.0 vol % mmf basis) and in Borjan coals from nil to 0.8 vol %, mean 0.3 vol % (nil to 2.7 vol %, mean 0.7 vol % mmf basis). Durite is recorded only in the Dilli-Jeypore coals where it ranges from nil to 0.35 vol % with a mean of 0.04 vol % (nil to 1.9, mean 0.2 vol % mmf basis). 
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ENERGY EXPLORATION & EXPLOITATION
Mineral matter composition:
The maximum concentration of mineral matter is recorded in the Namchik-Namphuk coals followed by Borjan, Dilli-Jeypore and Makum coals (Table 4 ). The concentration of mineral matter in the Namchik-Namphuk coals ranges from 4.8 to 38.5 vol % with a mean of 18.5 vol %; in the Borjan coals from 9.2 to 37.9 vol %, mean 23.55 vol %; in Dilli-Jeypore coals from 0.7 to 13.5 vol % with a mean of 3.88 vol % and in the Makum coals it ranges from 0.9 to 9.2 vol % with a mean of 3.26 vol % (Table 4) . The maximum concentration of carbominerite is recorded in the coals of NamchikNamphuk coalfield where it ranges from 10.3 to 62.3 vol % with a mean of 35.02 vol %. In the Borjan coals it ranges from 3.2 to 48.9 vol % with a mean of 21.87 vol %; in the Makum coals it ranges from 1.7 to 34.3 vol % with a mean of 12.24 vol % and in the Dilli-Jeypore coals it ranges from 0.7 to 43.0 vol % with a mean of 7.42 vol % (Table 6 ).
Evolution of coals 4.2.1. Formation of foredeep
The coal bearing sedimentary sequences of Assam, Arunachal Pradesh and Nagaland have evolved in foredeeps (Biswas et al., 1993; Biswas, 1998) . These foredeeps came into existence as a result of drifting of Indian plate towards north and northeast during Cretaceous period. Subsequently the Indian Plate collided with the Burmese plate (Asian plate) and underwent subduction at the Indian plate margin leading to the development of foredeeps which are tectonically very active and fast-subsiding basins. This is evidenced by the occurrence of a series of complex thrusts. land areas. During this period, regression of sea introduced a prograding delta complex which provided conditions for the development of back water swamps and lagoons. This eventually led to the luxuriant growth of flora and development of peat swamps. Lin and Tian (2011) demonstrated that the depositional environment determines the composition as well as the preservation of peat and coal. 'Coal facies' is defined as primary genetic types of coal and is dependent on the paleoenvironmental conditions allowing the accumulation of precursor peat (Teichmüller, 1982) . Diessel (1992) grouped the depositional systems, where peat accumulates, as coastal lowlands and fresh-water peatlends. The former is protected by sand bars or barrier beaches, close to tidal influences. They normally grade into marine-influenced to fresh-water mires. The fresh-water peatlands are inland swamps having no connection to sea, including upper delta and alluvial plain swamps, marshes and bogs. Contributions on depositional systems have also been made by Amijaya and Littke (2005) , Marques (2002) , Sebag et al. (2006a) , and Silva et al. (2008) . Coal petrography based models can help in reconstruction of the depositional environments of the paleomire. It is believed that plants react to the changes in the environmental conditions very sensitively and the petrographic study can enable us to understand facies (Teichmüller and Teichmüller, 1975; Cohen and Spackman, 1972; Cohen et al., 1987; Grady et al., 1993; Hawke et al., 1996; Hawke et al., 1999; Shearer and Clarkson, 1998; Styan and Bustin, 1983; Singh and Singh, 1996) . In recent years successful attempts have been made by several researchers to relate the petrographic components with the paleodepositional environment (Duan et al., 2011; Deng and Sun, 2011; Singh et al., 2010a,b; 2012a,b) . A comprehensive review on role of organic petrology in geosciences has been made recently by Suárez-Ruiz et al. (2012) . The microscopic constituents of coal reveal the type of plant community, depositional millieu, surface and underground water dynamics, and paleoclimate of the coal deposional systems. It is demonstrated by Teichmüller and Teichmüller (1975) that the Tertiary and Cretaceous swamps were rich in angiospermic plant throughout the world. They also believe that the Tertiary flora was more specialized and diverse. The occurrence of twin celled, three celled and multi celled teleutospores is suggestive of a temperate climate. Twin celled teleutospores are, therefore, also called as 'winter spore'. Occurrence of pollen grains of Barringtonia, Sonneratia and Rhizophora along with coastal and other terrestrial angiosperms has been reported by Venkatachala et al. (1988) in the Paleocene and Oligocene sediments of Upper Assam. Moreover, high concentration of resins of large dimension is indicative of abundant growth of conifers and temperate climatic conditions. Ground water is an important factor which determines not only the type of vegetation but also the redox potential (oxic to anoxic) and eventually the mode of preservation of plant litter or the intensity of humification process. The relative concentration of vitrinite and inertinite may vary due to fluctuation in the water cover. Peat may form in forest swamps from various plant communities, or in marshes with herbaceous vegetation (sedges and grasses) or in open swamps with predominantly submerged and floating plants or in a raised bog with mosses or shrubs or trees. When water level is dropped due to the warmer climate (Oesterlen and Lepper, 2005) there could be oxidation of dry forest resulting into the decomposition of vegetation and encroachment of litter fires. To demonstrate that the coals of Upper Assam, Arunachal Pradesh and Nagaland have evolved in the foreland basins, a model proposed by Hunt and Smyth (1989) has been used. This model is based on three parameters-'vitrite content', 'semifusinite ratio' and 'band-width' (Fig. 3) . The vitrinite content refers to the percentage of vitrinite + liptinite, and is indicative of the duration and intensity of biochemical decay in water-rich environment. The semifusinite ratio is the ratio of structured versus non-structured inertinite macerals and represents the intensity and duration of oxidizing environment during the development of peat. The 'band-width' represents microbanding in coal as suggested by Cameron and Hunt (1985) . The studied coals of Northeastern India being rich in vitrinite content and deficient in semifusinite ratio, lie in the zone of foreland basin (Fig. 3) . Moreover, these coals show a close similarity in petrographic composition to the coals formed in Stable Shelf areas like the coal deposits of Meghalaya, Northeastern India (Singh and Singh, 2000) .
Paleodepositional environment
Based on the water level of mires, Diessel (1992) has identified the following four types of zones:
iTerrestrial, relatively dry, wooded mire environment, located above the water table; 924 Petrological investigations of oligocene coals from foreland basin of northeast India Fig.3 . Petrographic composition (macerals) of coals of the Northeastern India in cratonic and foreland basins proposed by Hunt and Smyth (1989) iiTelmatic, where the water level is controlled by sea level or water table variations; iii-Limno-telmatic, transition zones between telmatic and underwater environments; and iv-Limnic, corresponding to underwater environments. He has further identified two types of depositional systems where peat can accumulate. The first is coastal lowlands protected by sand bars or barrier beaches while the second is fresh-water peatlands which are inland swamps without any connection to the seam. introduced Gelification Index (GI) and Tissue Preservation Index (TPI) to characterize the depositional environment of Permian coals of Australia. Several researchers opposed this and made critical comments against the use of these indices for Tertiary coals and lignites Crosdale, 1993; Akande et al., 1992; Dehmer, 1995; Scott, 2002; Moore and Shearer, 2003; Amijaya and Littke, 2005) . Calder et al. (1991) modified the indices. Kalkreuth et al. (1991) , Petersen (1993) and Flores (2002) made further modifications to suit the low rank coals. Diessel (1992) himself also revised the indices. It is shown that the TPI is a measure of the degree of tissue decomposition and the ratio of woody plants in the original peat forming plant congregation. Further, the ratio of tissue derived structured macerals versus tissue derived unstructured macerals is a measure to quantify the degree of humification suffered by the maceral precursors and also a measure of the proportion of woody matter contributing to the total mass of peat. The GI is indicative of the intensity and time of wet condition and decreases with oxidation (Diessel, 1992) . The GI and TPI, in the present case, are calculated by the following formula: GI = (Vitrinite + Macrinite)/(Semifusinite + fusinite + Inertodetrinite) TPI = (Telinite + Collotelinite + Semifusinite + Fusinite)/( Collodetrinite + Macrinite +Inertodetrinite)
The Northeastern coals of present investigation are characterized by high GI and TPI values (Fig. 4) . These indices are suggestive of the peat growth under telmatic condition with prolonged wet conditions and high tree density. has demonstrated that brighter components of coal are produced under wet conditions. Moreover, the coals of northeastern India are 'bright' and 'moderately bright' in nature. This is evidenced by the dominance of collotelinite and the vitrinite rich microlithotypes. This is further substantiated by the fact that collotelinite is mainly derived from partially gelified woody tissue indicating wood producing plants as well as degree of biochemical gelification; the latter is controlled by high moisture content . Such conditions have been reported by Singh et al. (2012b) . Mishra and Ghosh (1996) also observed that the coals of northeastern India have evolved under wet forest swamps and marshy environments. During Paleocene and Oligocene period the green forest vegetation grew under tropical humid conditions as revealed by palynological investigations (Mishra, 1992) . Similar conditions also prevailed during the coal formation of Indonesia (Davis et al., 2007) . Earlier, Iordanidis and Georgakopoulos (2003) have shown that GI > 10 is generally formed under a marsh-reed environment or a forest with high degrees of degradation which is permanently flooded. Moreover, high GI indicates a continuous influx of calcium rich waters in the swamp which exhilarates the decomposition of organic matter and forms humates. This eventually results into highly gelified peat. This is a typical feature of the marine influenced coals. Though, a very low inertinite content resulted in high GI values, yet the presence of funginite indicates occasional oxic condition in the upper oxygenated peatigenic layer.
Another facies model proposed by Calder et al. (1991) which has been used is based on Ground water Index (GWI) and Vegetation Index (VI). The parameters used are the degree of ground water influence, relative rain fall Ligouis and Doubinger, 1991 ), changes in ground water level in mire (Peatland = marsh + Swamp), vegetation, mineral matter content and degree of preservation of maceral precursor. Calder et al. (1991) believed that the ground water had a great influence on the paleomires and demonstrated that the mires are formed in successive variations from rheotrophic to ombrotrophic hydrological conditions. Mire types are controlled by source of water and ions (Moore, 1987) . Reotrophic mires are recharged through ground water as well as rainfall while ombrotrophic mires are mainly rain-fed. Mesotrophic mires normally tend towards ombrotrophic conditions and depending on the range of flooding it may be divided into fen or swamp. Moreover, GWI value less than 1 indicates ombrotrophic to mesotrophic environments while GWI values more than 5 are due to drowning of peat. This has been tested for the northeastern coals of The GWI and VI values of coals of the north-eastern India indicate that the peat developed in the bog forest under mesotrophic to ombotrophic hydrological conditions (Fig. 5) . To understand the paleodepositional environment of these coals, some other petrography based facies models hace also been used. In the facies model of Mukhopadhyay (1986) which is based on the maceral association, the plots of these coals indicate development of peat in forest swamps under mildly oxic to anoxic conditions with good tissue preservation (Fig. 6) . The view is supported by another facies model which is based on the quantitative occurrence of liptinite macerals (Singh and Singh, 2000) and indicates the water depth condition. This model delineates the following three facies environment: A-Area for the development of algal bloom and the zone of anaerobic bacterial activity. B-Open water swamp dominated by reed plants, and C-Transition between forest swamp and reed swamp. This facies model shows the development of peat in forest and reed swamp under moderate water cover (Fig. 7) .
Microlithotype has also been used to infer the paleodepositional conditions of The types of facies delineated are: CF1-Deep water facies characterized by organic mud, rich in liptinites CF2 -Open water with dominance of subaquatic plants CF3 -Forest swamp with sudden eustatic changes CF4 -Forest to reed swamp CF5 -Forest swamp CF6 -Moss swamp with extremely dry conditions. The plots of northeast coals, on this model, suggest the development of forest and reed facies (Fig. 8) . This is also reflected in coals in the form of high concentrations of vitrinite-and liptinite-rich microlithotypes. The present study also corroborates with the observations by Singh et al. (2012b) on the Nagaland coals and Mishra and Ghosh (1996) on the coals of north-eastern India. 
CONCLUSIONS
The coals of foreland basins range in rank from sub-bituminous type 'C' to high volatile bituminous type'C'. The occurrence of teleutospores (single, double, triple and tetrad cell) is indicative of a typical Tertiary floral assemblage. The study reveals that these coals have evolved from the forest moor with the components of reed moor in telmatic to limno-telmatic depositional settings and were deposited under prolong wet conditions having high tree density. There was abundant growth of conifers in the Tertiary flora and temperate climatic conditions as indicated by the presence of resins of large dimension. Occurrence of inertinite maceral in few sections indicates tectonic upheavals / regression of sea leading to periodic dryness of the basins. CF6-Mass swamp with extremely dry conditions
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